Summary. Chorionic gonadotrophin (CG) measured by bioassay and progesterone by immunoassay were present in the placentae of grey seals (Halichoerus grypus) from about 20 days after implantation until parturition. During this period a small and significant decrease in the concentration and a large increase in the total amount of placental CG occurred. The biological activity of seal placental CG was neutralized with an anti-hCG serum. There was a correlation between fetal length and the total amount of progesterone in the placenta. The corpus luteum persisted throughout pregnancy and there was a significant correlation (P < 0\m=.\001) between CL diameter and the weight of the ipsilateral ovary. Hypertrophy of fetal testes and ovaries was observed and adult gonad size was reached at about the time of parturition. We suggest that placental CG is the hormone responsible for the precocious enlargement of fetal gonads in grey seals.
Introduction
British colonies of grey seals (Halichoerus grypus) produce most of their pups between September and December. Gestation, which includes a period of 'delayed implantation' or 'suspended development' of about 150 days, lasts approximately 350 days (Hewer & Backhouse, 1968) . A single well developed pup is normally produced but twins have been recorded (Spotte, 1982) . Oestrus and mating occur 14-18 days post partum.
Accounts of the reproductive biology of seals have concentrated upon the measurement and morphology of fetal and maternal reproductive organs (Harrison, 1951 (Harrison, , 1960 (Harrison, , 1963 Harrison, Matthews & Roberts, 1952; Laws, 1956; Amoroso et al, 1965; Harrison & Young, 1966; Sinha & Erickson, 1972; Bigg & Fisher, 1974; Boshier, 1977 Boshier, ,1981  Sinha, Erickson & Seal, 1977) . There are few reports on the estimation of reproductive hormones in pinnipeds (Daniel, 1974 (Daniel, , 1975 Griffiths, Seamark & Bryden, 1979;  Liggins, France, Knox & Zapol, 1979; Raeside & Ronald, 1981 ; Boyd, 1983) . Recently, concern about the effect of organic marine pollutants on reproduction in seals (Helle, Olsson & Jensen, 1976;  Reijnders, 1980 Reijnders, ,1982 Helle, 1981) has necessitated further studies of seals to determine normal levels of reproductive hormones. Harrison & Young (1966) described the structure of the grey seal placenta and found some evidence of secretory activity in the syncytial trophoblast.
In this study placental chorionic gonadotrophin (CG) and placental progesterone concentra¬ tions have been estimated during pregnancy in grey seals. The concentration of these hormones has been related to length of gestation, fetal sex and size, and to the weight of gonads and placenta. (Hobson, 1972) . The dried acetone-ether material, before assay, was taken up in 0-9% (w/v) NaCl, left overnight at +4°C, centrifuged and the supernatant assayed.
The gonadotrophic activity of placental extracts and the hCG standard was assayed using the increase in uterine weight of immature female mice (Hobson, 1983) . The method was essentially that of Levin & Tyndale (1937) in which mice were injected subcutaneously with one third of the total dose on 3 consecutive days and killed 72 h after the first injection. Uteri, dissected free from mesentery, fat, ovaries and oviducts, were cut at the utero-cervical junction. Intrauterine fluid was expressed between filter paper before the uterus was weighed to the nearest 01 mg on a torsion balance.
Five or 10 mice were used at each of 2 or 3 dose levels, a log dose interval of 0-301 of the un¬ known and hCG standard preparation being assayed simultaneously. Estimates of relative potency of the placental extracts were expressed per g wet weight as International Unit equivalents of the Second International Standard for hCG (i.u. hCG, WHO code 61/16). The smallest amount of hCG which produced a significant (P < 0-01) response in the bioassay, compared with that in salineinjected controls, was 0-625 i.u. The response parameter was the logarithm of the mouse uterine weight. The results and tests of validity of the bioassays in this investigation were calculated according to Gaddum (1953) .
Extraction and immunoassay ofplacental progesterone
The other half of each placenta was used for the extraction of progesterone by a method used to extract the hormone from human plasma (Scaramuzzi, Corker, Young & Baird, 1975) . Placental tissue was homogenized in absolute ethanol at a concentration of 1 g tissue per 20 ml. Ethanol was removed under nitrogen at 40°C and 500 pi equivalents of the extract were dissolved in 0-2 ml petroleum ether (Analar reagent grade). The ether was removed by evaporation to dryness under nitrogen and the residue dissolved in 0-2 ml phosphate buffer. Duplicate 0-1 ml portions of the extract were assayed with the specific radioimmunoassay (RIA) using sheep anti-progesterone antiserum 91929/9 as described by Scaramuzzi et al (1975) . There was little or no cross-reaction between this antiserum and androstenedione, cortisol, pregnenolone, testosterone, or 17a-hydroxyprogesterone. There was a significant cross-reaction with progesterone, 11a-and llß-hydroxyprogesterone and 11-ketoprogesterone. hCG antiserum
The antiserum was a rabbit anti-hCG preparation raised against 'Gonadex' an hCG preparation (Leo, Sweden) having a biological activity of 5000 i.u./mg. This antiserum was used to see whether it would neutralize the gonadotrophic activity of a seal placental extract. This and the hCG standard were assayed with and without the addition of antiserum. The amount of antiserum used was 15 pi per total dose per mouse.
Results

Maternal ovaries
During pregnancy both ovaries of individual animals increased in weight (Table 1 ) and the ovary bearing the CL was significantly (paired-sample t test, < 0-001) heavier (mean + s.e.m. 14-3 ± 0-69 g) than the contralateral ovary (mean ± s.e.m. 10-6 ± 0-42 g). The CL also increased in size during pregnancy and there was a significant correlation (r = 0-70, < 0-001) between CL diameter and ovarian weight ( (Table 1 ). There was a significant correlation between body weight and length (r = 0-91, < 0-001). Boyd (1984) (Gaddum, 1931) . The median value for was 0-061 (range 0-035-010). As pregnancy advanced there was a small but significant decrease in the concentration and a large increase in the total amount of CG in placentae. Correlations between fetal length, i.u. CG/g and i.u. CG/placenta were r = -0-337 (P < 0-05) and r = +0-610 (P < 0-001) respectively (Table 1 ; Text- fig. la) .
Neutralization of placental CG activity
The biological activity of a seal placental extract and the hCG standard was suppressed by the anti-hCG serum ( Table 2 ). The mean uterine weights of mice injected with hCG only were significantly (P < 0-001) greater at all 3 dose levels than those of the saline-injected controls and those mice injected with hCG plus antiserum. The mean uterine weights of mice injected with an extract of seal placenta (No. 2229) were, at all 3 dose levels, significantly (P < 0-0001) heavier than
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Progesterone
There was considerable individual variation in the concentration of placental progesterone ranging from 9-6 to 86 ng/g with a mean ± s.e.m. of 29-8 ± 2-96 (n = 36). No correlation was found between fetal length and steroid concentration (r = 0086, > 0-05) but there was a significant correlation (r = 0-752, < 0-0001) between total placental progesterone and fetal length (Text-fig.  lb ). There was a positive and significant correlation (r = 0-66, < 00001) between total placental progesterone and CL diameter but no significant relationship (P > 0-2) between progesterone concentration and CL diameter.
Discussion
In the grey seal the CL increased in size throughout pregnancy. Whether this increase in size reflected a continuing contribution to the steroid pool has not been ascertained. I. L. Boyd (unpublished) found a significant (P < 0-0001) relationship between CL diameter and maternal plasma progesterone levels in the grey seal. Although the CL has an essential supportive role in early pregnancy it is not known whether it is necessary for the maintenance of progesterone levels in late pregnancy. Declining plasma progesterone concentrations and the subsequent involution of the CL coincide with parturition in the grey seal (Boyd, 1983) . This investigation has shown that the total placental content of progesterone rises as pregnancy progresses, with maximum amounts occurring towards the end of pregnancy ( (Harrison, 1960) . In women there is a progressive rise in progesterone to mean term values of 700 pg per placenta and a steady decline in concentration of the hormone from peak levels at 2 months of gestation (Zander & von Münstermann, 1956) . These values are at least 10 times greater than those of the grey seal in spite of seals having a heavier placenta than women.
In early pregnancy in women, mice and guinea-pigs, gonadotrophin concentration in placental tissue reaches a peak before falling to lower levels (Hobson, 1972; Wide & Wide, 1979;  Humphreys, Hobson & Wide, 1982) . A well defined peak was not observed with the seal material in this investigation. The total amount of CG in the placenta of the grey seal increased significantly from about 170 days after conception, about 20 days after implantation, until the end of pregnancy. During the same period there was a small but significant decrease in the concentration of placental CG (Table 1 ; Text-fig. la) . Although the term placenta of man and the great apes is much smaller than that of the seal the concentration and total amount of CG in the primate placenta is signifi¬ cantly higher. The concentration of CG in term placentae of women, chimpanzees and orang-utans is 2-9-42-4 i.u./g (N = 40), 12-4-33-6 i.u./g (N = 3) and 3-5-75-8 i.u./g (N = 3) respectively (Hobson & Wide, 1974 . In mammals which produce a placental gonadotrophin early in pregnancy a luteotrophic role can be assigned to it but later in pregnancy its actions are less certain. In seals, as in humans and horses, the structure and size of fetal gonads have all the appearances of stimulation in utero. The gonads of the fetal seal continue to grow until at term they equal or exceed in size the gonad of the mature adult (Table 1) . After birth, the gonads of newborn seals regress and do not attain adult size until puberty at approximately 3 years of age. Amoroso, Harrison, Matthews & Rowlands (1951) and Amoroso et al (1965) speculated upon the nature of this stimulation and observed that the interstitial cells of grey seal gonads reacted in a manner resembling a response to pituitary luteinizing hormone. They concluded that unless it could be assumed that the placenta secreted a chorionic gonadotrophin the observed changes might be due to oestrogens or fetal pituitary gonadotrophin. The sub-unit structure of seal placental gonado¬ trophin has not been studied by Chromatographie methods similar to those used for primate placentae (Hobson & Wide, 1981) , but it has been demonstrated that the biologically active gonadotrophin present in seal placental extracts can be neutralized by an anti-hCG serum. The results of the present investigation provide evidence for the presence of a placental CG which is most probably responsible for the gonadal hypertrophy of fetal grey seals.
